Lower Triassic platforms in the Nanpanjiang Basin contain extensive oolites. Interior oolites are stacked in meter-scale cycles arranged into larger coarsening-upward sequences. Oolites thicken toward margins to include grainstones up to 50 m (164 ft) thick and contain giant ooids (up to 1 cm [0.4 in.]) and composite coated grains. Cross-bedding, ripples, and abraded ooids indicate deposition in high-energy shoals. Apparent layer-cake correlation across interiors indicates amalgamation of shoals. Thinner interior lenses represent spillover lobes.
high CaCO 3 saturation caused by a minimal skeletal carbonate precipitation. We interpret similar seawater chemistry in the aftermath of the end-Permian extinction to explain the genesis of the giant ooids in the Early Triassic. The genesis of bimineralic ooids during an Early Triassic period of rapidly increasing pCO 2 and low SO
INTRODUCTION
Oolite is a carbonate sediment or sedimentary facies composed of concentrically coated calcium carbonate grains arbitrarily defined as being less than 2 mm in diameter and formed primarily in shallow-marine environments (Tucker and Wright, 1990) . Oolites have received a great deal of attention with studies into the petrography and environmental controls on genesis going back to Sorby (1879) and include studies of modern and ancient oolites. Petrographic studies have focused on the size, cortical fabrics, mineralogy, function of microbes, and modes of diagenetic alteration (cf. Sandberg, 1975; Wilkinson and Landing, 1978; Tucker, 1984; Green et al., 1988, among many others) .
Numerous studies have focused on determining the original mineralogy of marine ooids, with the goal of constraining the composition of ancient seawater (Sandberg, 1975 (Sandberg, , 1983 (Sandberg, , 1985 Wilkinson and Landing, 1978; Wilkinson and Given, 1986; Wilkinson et al., 1985) . Ooids may form with original cortices composed of low magnesium (Mg) calcite, high Mg calcite, or aragonite. Although high Mg calcite and aragonite are replaced by low Mg calcite in most ancient rocks, remnant original fabrics, destructive replacive fabrics, mineral inclusions, and geochemical analysis can be used with a fairly high level of confidence in identifying original mineralogies (Sandberg, 1985) . Oolites with original aragonite cortical composition can be recognized by dissoluton and compaction of ooids during early diagenesis and burial. Ooids with nuclei or cortical laminae composed of aragonite are preferentially removed by dissolution, resulting in early compaction and collapse (distorted ooids) (Wilkinson and Landing, 1978; Wilkinson et al., 1983) . In bimineralic ooids, the most commonly observed fabric consists of an inner radial high-Mg calcite cortical layer followed by micritic or tangential aragonite cortical laminae or alternating tangential or micritic and radial cortical layers (Wilkinson et al., 1983; Tucker, 1984; Chow and James, 1987; Major et al., 1988) . Several studies have verified bimineralic ooids geochemically using high levels of strontium (Sr) as a proxy for aragonite and Mg for high Mg calcite. Marine ooid cortical structures with well-preserved radial or micritic fabrics were originally composed of high Mg calcite, whereas cortical layers were composed of coarse pseudospar, and those with dissolution and compacted fabrics or brickwork spar textures were originally composed of aragonite (Wilkinson et al., 1983; Tucker, 1984; Chow and James, 1987; Major et al., 1988; Swett and Knoll, 1989; Chatalov, 2005, among others) .
Oolites have been reported from marine carbonate strata ranging across the Phanerozoic to the Proterozoic and Archean (Sandberg, 1983; Tucker, 1985; Wilkinson et al., 1985; Swett and Knoll, 1989; Wright and Altermann, 2000) . The original mineralogy of ooids and marine cements have varied systematically through geologic history, indicating first-order secular changes in seawater chemistry between aragonite and calcite seas (Sandberg, 1983; Wilkinson et al., 1985; Hardie, 1996) . These changes reflect alternations between major icehouse periods of Earth history characterized by a cool global climate, extensive ice caps, and low global sea level and greenhouse periods characterized by a warm global climate, reduced ice caps, and continents flooded by epicontinental seas (Read, 1998) .
Oolites form some of the best carbonate hydrocarbon reservoirs. Examples include the Jurassic Smackover oolites of the U.S. Gulf Coast and the Jurassic Arab D reservoirs of the Middle East, which host some of the world's largest hydrocarbon accumulations (cf. Lindsay et al., 2006) . Permian-Triassic oolite facies also form significant hydrocarbon reservoirs of the Khuff Formation in the Middle East and the Feixianguan Formation of the Sichuan Basin (Alsharhan, 2006; Ehrenberg et al., 2007; Ma et al., 2007; Peng et al., 2010) .
A grain-size boundary of 2 mm was arbitrarily defined to separate ooids from larger coated grains termed "pisoids" (cf. Peryt, 1985) . Although this classification is useful operationally, many oolites interpreted to have formed in shallow-marine shoals in carbonate platforms slightly exceed the 2-mm cutoff, and pisoids (pisolites) are typically associated with hypersaline or vadose settings (Tucker and Wright, 1990) . Thus, several authors working with shallow-marine oolites have referred to the coated grains exceeding 2 mm as "oversized" or "giant ooids" to distinguish their interpreted mode of genesis from vadose pisoids (Swett and Knoll, 1989; Sumner and Grotzinger, 1993; Husinec and Read, 2006) . Giant ooids with diameters ranging up to 1.5 cm (0.6 in.) are most commonly reported from the Precambrian. A high carbonate saturation state of the oceans (resulting from lack of skeletal calcium carbonate precipitation), high energy (resulting from increased tidal forces and prevalence of ramps), and low supply of nuclei for ooid growth (lack of peloids or skeletal debris) have been suggested as possible mechanisms underlying the prominence of giant ooids in the Precambrian (Sumner and Grotzinger, 1993) . Oversized ooids have also been reported from the Lower Triassic strata of south China (Payne et al., 2006a; Li et al., in press ). Perhaps this is not surprising because the Lower Triassic strata contain few skeletal grains and a variety of anachronistic facies, such as microbialites, which have been interpreted to reflect reduced biodiversity or anomalous ocean chemistry in the aftermath of the end-Permian mass extinction (cf. Lehrmann et al., 2003) .
The purpose of this article is to document the facies architecture, sedimentary features, and petrography of Lower Triassic oolite deposits in several carbonate platforms from the Nanpanjiang Basin and to interpret their depositional environments and original mineralogy. This study provides useful constraints on the environmental factors leading to the widespread deposition of oversized or giant ooids, and it provides outcrop analogs useful for comparison with oolite hydrocarbon reservoirs in age-equivalent strata.
GEOLOGIC SETTING
During the Permian and the Triassic, the Nanpanjiang Basin formed an embayment in the southern margin of the Yangtze cratonic block (Figure 1 ).
The Yangtze block separated from Gondwanaland during the Paleozoic, moved northward across the Paleotethys and accreted to the North China block during the Late Triassic Indosinian orogeny (Figure 1 , inset) (Enos, 1995; Meng and Zhang, 1999) . Bordering the southern margin of the Yangtze block are the Ailaoshan and Songma suture zones (Figure 1 ). Although the timing is controversial, the Ailaoshan and Songma are interpreted to be zones of collision with the Simao (Burma) and Indochina blocks, respectively (Metcalfe, 1996; Lepvrier et al., 1997) .
During the Early Triassic through the Middle Triassic, the basin subsided rapidly as several carbonate platforms developed within the basin, and siliciclastic turbidites filled the basin from the late Early Triassic to the early Late Triassic. Many scientists interpret this to be a foreland phase of basin development connected with convergence along the Songma suture zone to the south and/or along the Ailaoshan zone to the west during the Indosinian orogeny (Enos, 1995; Carter et al., 2001; Enos et al., 2006; Lehrmann et al., 2007) . Convergence along the Songma is supported by patterns of greater and earlier subsidence, carbonate platform stepback and drowning in the southern part of the basin, and progressive thickening of acidic volcanic ash horizons to the south (Newkirk et al., 2002; Lehrmann et al., 2007) . Tectonic map illustrating the cratonic blocks (plates) of south China, the interpreted suture zones, and the extent of the Nanpanjiang Basin and Yangtze platform. The South China block includes the Yangtze craton and the south China fold belt. Inset, upper right illustrates global plate reconstruction and the position of South China block (SC), the North China block (NC), and the Indochina block (I) in the Late Permian. Modified from Lehrmann et al. (2007) .
From the late Paleozoic through the Middle Triassic, the Nanpanjiang Basin was surrounded on three sides by a vast marine carbonate and siliciclastic shelf, the Yangtze platform. Isolated platforms developed within the basin, including the Great Bank of Guizhou (GBG), Chongzuo-Pingguo platform (CPP), and the Debao and Heshan platforms ( Figure 2) . The overall sequence stratigraphy, chronostratigraphy, and tectonic influences on platform evolution and architecture have been interpreted for several areas of the Yangtze platform, GBG, and CPP (Enos et al., 2006; Lehrmann et al., 2007; Minzoni, 2007) .
The Yangtze platform and the isolated platforms evolved low-angle ramps or platform architectures with marginal oolite shoals and peritidal interior facies in the Early Triassic . The southerly platforms drowned and were buried with siliciclastic turbidites in the beginning of the Middle Triassic (early Anisian), with the exception of small pinnacle platforms that developed in the northernmost part of the CPP. The Yangtze platform, GBG, and pinnacle platforms of the CPP evolved progressively steepening Tubiphytes boundstone reef margins and laterally variable architecture interpreted to have resulted primarily (1984) , Guangxi Bureau of Geology and Mineral Resources (1985) , and Guizhou Bureau of Geology and Mineral Resources (1987) . Maps have been modified with results from our mapping. Localities discussed in the text include the Bangeng (Bg), Bunong (Bn), ChongzuoPingguo platform (CPP), Dajing-Xiaojing (Dj), Debao platform (DB), Dawen (Dw), Great Bank of Guizhou (GBG), Guandao (Gd), Guohua (Gh), Guiyang (Gy), Hanlong (Hl), Heshan platform (HS), Hongyan (Hy), Longbang (Lb), Louhua (Lh), Liujiao (Lj), Longya (Ly), Taiping section (Tp), Xiliang (Xl), Yongningzhen (Yn), and Zhenfeng (Zf).
from differences in tectonic subsidence and activation of syndepositional faults in the Middle Triassic (Enos et al., 2006; Lehrmann et al., 2007; Minzoni, 2007) .
This article focuses on the oolitic limestones and dolostones within the Lower Triassic rampplatform margins and interiors of the isolated platforms and the Yangtze platform. Data control comes from geologic maps and stratigraphic sections described by the Guizhou and Guangxi geologic surveys (Guangxi Bureau of Geology and Mineral Resources, 1985; Guizhou Bureau of Geology and Mineral Resources, 1987) , field mapping, reconnaissance observations, and stratigraphic sections. Among the isolated platforms, the greatest data control has been developed for the GBG and CPP. Petrographic details come from the description of polished slabs and 5 × 7.6-cm (2 × 3-in.) thin sections prepared for oolite units from each of the platforms.
FACIES ARCHITECTURE AND DEPOSITIONAL ENVIRONMENTS
Oolites occur in the Majiaoling and Beisi formations, of Induan and Olenekian age, respectively, in the isolated platforms of Guangxi (Figure 2 ). Mapping and stratigraphic sections of the CPP demonstrate that oolites occur near the platform margin and in depositional sequences that correlate across the platform interior (Figures 3, 4) . Oolites of the Beisi Formation form distinctive, thick, cliff-forming units that dominate the modern landscape in the isolated platforms of Guangxi ( Figure 5A ). The Majiaoling Formation is composed of thin-bedded recessive lime mudstone, with siliciclastic mudstone partings up to 3 cm (1.2 in.) thick, punctuated by a few decimeter-to meter-thick, massive, resistant oolite beds. The lime mudstone is light gray, homogeneous, locally with bedding-plane burrows, bivalves, gastropods, and peloids. Oolite units are more abundant toward the platform margin, whereas mudstone partings are more abundant in the interior, reflecting a higher current energy at the margin than in the interior. Interior oolite beds commonly have a scoured base and fine upward, suggesting that they were deposited as spillover lobes shed from the margin. In the CPP, the Majaoliing Formation ranges from 110 to 140 m (361-495 ft) in thickness and contains less than 1% oolite in the interior and up to 11% oolite near the margin (e.g., Ly section) (Figure 4) .
In the CPP, the Beisi Formation is from 615 to 775 m (2017-2542 ft) thick and contains from 20 to 35% oolite by thickness. The oolite is packaged into three or four major shallowing-upward depositional sequences 100 to 250 m (328-820 ft) thick that correlate over 100 km (62 mi) across the interior of the CPP (Figure 4) . The lower transgressive part of depositional sequences is dominated by thin, platy-bedded, bioturbated, lime mudstone with shale partings identical in character to the underlying Majiaoling Formation ( Figure 5B ). Oolite beds punctuate the succession and progressively increase in number and thickness upward in the depositional sequences. The oolites are grainstone with planar lamination, cross-bedding, and herringbone cross-bedding, indicating deposition in high-energy shoals influenced by tidal currents ( Figure 6A, B) . In the middle and upper parts of the depositional sequences, the oolites occur in smaller meter-scale depositional cycles that change upward from thin-bedded lime mudstone to oolite grainstone capped with flaser-bedded ribbon rock (Figure 4 ). The ribbon rock contains scours and asymmetrical ripples with reversing current directions alternating with lime mudstone drapes interpreted to represent peritidal deposition (cf. Demicco and Hardie, 1994; Lehrmann et al., 2001) . Oolites in the upper part of the cycles are also commonly bioturbated packstone, indicating shoal Oolites in the interior of the CPP are dominantly lime grainstone, although they are dolomitized in the upper part of the Beisi Formation. Ooids in the interior sequences typically range from 0.5 to 1 mm ( Figure 6C ). Rarely, interior oolites contain ooids greater than 2 mm and include giant ooids up to 5 mm in diameter and large intraclasts and composite coated grains up to 1.5 cm (0.6 in.).
Toward the platform margin, giant ooids (typically 3-7 mm but ranging up to 1 cm [0.4 in.] in diameter) and composite coated grains up to 4 cm (1.6 in.) dominate the succession ( Figure 6D ). Oolitic grainstones thicken toward the southern and northern margins of the CPP, where they dominate the succession (e.g., Guohe and Longbang areas on the north margin and Longya section on the south margin) (Figures 2, 4 ). Interior and margin oolites also contain interbeds of mollusk and packstone, as well as peloidal-foraminiferal lime mudstones.
The dominance of thick amalgamated oolite grainstones and giant ooids at platform margins demonstrates that the oolites formed as high-energy shoals. The correlation of oolite units in large-scale depositional sequences across vast areas of the interior of the CPP and the tabular resistant cliffs observed on outcrops gives the appearance that the units correlate in layer-cake fashion across the platform interior. However, it is unlikely that oolite shoals could exist synchronously across such a vast area. Subtle differences in correlation of interior oolites and thickening toward the margin (Figure 4 ) indicate that they formed as the result of progradation and amalgamation of a complex of shoals across the interior. Reconnaissance observations indicate that similar oolite sequences occur throughout the interiors of the Debao and Heshan platforms in Guangxi (Figure 2 ). If this interpretation is correct and oolites occur across the interiors of all of the isolated platforms in the basin, they cover a vast area-approximately 10,000 km 2 (∼3844 mi 2 ) (exclusive of the Yangtze platform) (Figure 2) .
In Guizhou Province, oolites occur in the Lower Triassic formations in the Great Bank of Guizhou, the northernmost isolated platform in the basin, and in the Yangtze platform that borders the basin (Figure 2 ). In the Great Bank of Guizhou, oolites occur in the Lower Triassic platform interior and bank margin facies mapped as the Daye and Anshun formations by the Guizhou Bureau of Geology (Figures 7-9 ). In the Yangtze platform, oolites occur in the Induan Daye and Yelang formations (representing middle and inner ramp) and the Olenekian Anshun and Yongningzhen formations (representing platform margin and interior facies) (Figures 10-12 ).
In the Great Bank of Guizhou, a dolomitized oolitic unit 90 m (295 ft) thick correlates across the banktop and is constrained as Induan-Dienerian in age on the basis of carbon isotope stratigraphy calibrated with biostratigraphy at the basin margin ( Figure 7 ) (Payne et al., 2004; Kelley et al., 2011; Meyer et al., 2011) . The lower 50 m (164 ft) is a coarsely crystalline ooid dolograinstone, commonly with fabric destructive dolomitization, although local areas have microcrystalline dolomite and nondolomitized and preserve fabrics with fine petrographic detail. Locally, cross-bedding and herringbone cross-bedding are observed on weathered surfaces ( Figure 8A ). Although the unit is dominantly composed of ooids less than 0.7 mm in diameter, it also contains giant ooids up to 4 mm and composite ooids and rounded intraclasts up to 1.7 cm (0.7 in.) ( Figure 8B ). Cross-bedding in the lower part of the Dienerian unit indicates high-energy shoal environments. The upper 40 m (131 ft) of the Dienerian unit is an oolitic, cryptalgal, fenestral laminate. Ooids and large, rounded, tabular, ooid grainstone intraclasts occur trapped between micritic cryptalgal laminae. Fenestrae, dissolved ooids, and meniscus cements indicate subaerial exposure on a supratidal flat ( Figure 8C ). The sediment was probably dolomitized in the supratidal environment, as evidenced by microcrystalline dolomite with exquisite fabric preservation. The superposition of the cryptalgal-oolite facies over the cross-bedded oolite grainstone indicates progradation of tidal-flat facies over the top of oolite shoals across the platform interior ( Figure 7 ). Akin to the CPP, the oolite most likely did not develop synchronously across the vast area of the bank top but instead developed by lateral progradation and amalgamation of shoal and tidalflat complexes.
Areas of the Lower Triassic margins of the Great Bank of Guizhou are pervasively dolomitized, making it difficult to decipher the character of the margins . However, preservation of oolite fabric on weathered surfaces of dolostones ( Figure 8D ), margin areas preserved as limestone (Figure 9 ), and oolite turbidites in adjacent basin margin facies demonstrate extensive shoal development at the platform margin. Platform Lehrmann et al. (1998) . Sb = sequence boundary; Dw = Dawen; Dj = Dajiang. (B) Stratigraphic correlation of dolo-oolite across the platform interior between the Dw and the Dj sections. The lower part is coarsely dolomitized cross-bedded grainstone interpreted to represent amalgamated shoal deposits. The upper part is ooid bearing fenestral-cryptalgal laminites interpreted to represent adjacent tidal-flat deposits that prograded over the shoals. M = mudstone; W = wackestone; P = packstone; G = grainstone; B = boundstone.
margin ooid grainstones contain cross-bedding and ripple cross-lamination ( Figure 8E ), giant ooids ( Figure 9A ), composite coated grains and coated intraclasts ranging up to 15 cm (6 in.) ( Figure 9B , C), and peculiar isopachous bladed marine cements that are interpreted to have encrusted stabilized surfaces within oolite shoals ( Figure 9D ). Significantly, in all areas where oolite is preserved at the platform or basin margin, there is a conspicuous abundance of giant ooids typically ranging up to 5 to 10 mm in diameter (Figure 9 ). Such giant ooids were found at margin localities of Bangeng, Louhua, Dajing-Xiaojing, Guandao, Hanlong, and Xiliang, circumscribing the GBG (Figure 2) .
Oolites occur within the inner ramp (Yelang Formation) and platform margin and interior (Anshun and Yongningzhen formations) of the Lower Triassic Induan and Olenekian strata of the Yangtze platform (Enos et al., 2006) . During the Induan, the Yangtze platform developed a ramp profile with the distal ramp characterized by laminated, dark, pyritic lime mudstone and shale of the Luolou Formation (Figures 10, 11) . Middle-ramp facies are characterzed by the Daye Formation, which is composed dominantly of thin-bedded burrowed lime mudstone. The Daye and Luolou formations contain interspersed carbonate breccias, which are dominantly composed of lime mudstone clasts but include oolite clasts representing debris-flow deposits shed basinward from shallower parts of the ramp to the north and northwest (Figure 11 ). Updip, the Yelang Formation contains five to six thick cliff-forming sequences of oolite interbedded with recessive mudrock and lime mudstone (Figures 11, 12A ). Mudrock and sandstone predominate westward as the Yelang Formation changes facies to the Feixianguan Formation toward the Khamdian massif (Enos et al., 2006) .
The large-scale depositional sequences of the Yelang Formation range from 50 to 200 m (164-656 ft) in thickness (Figure 11 ). The oolite-bearing limestones that dominate the upper part of the depositional sequences are amalgamated, crossbedded, herringbone cross-bedded, and rippled oolite ( Figure 12B ) that shoal upward to lime wackestones, lime mudstones, and flaser-bedded Giant ooids up to 1 cm (0.4 in.) and coated intraclasts (composite coated grains) up to 7 cm (2.7 in.) across from the southern margin of the GBG at Bangeng (Figure 2 for location) . The pen for scale is 16 cm (6.3 in.). (C) Oolite with giant ooids and enormous coated intraclasts up to 15 cm (6 in.) in diameter. From the southern margin of the GBG at Louhua (Figure 2 for location) . The hammer for scale is 28 cm (11 in.) long. (D) Unusual isopachous bladed cement crusts, interpreted to be marine cement, encrusted onto a stabilized surface in oolite. Note the botryoidal and isopachous character of the cement. The photo is from the southern margin of the GBG at Louhua (Figure 2 for location).
argillaceous mudstone representing tidal flats. Although the oolites are generally finer grained than those of the isolated platforms (average 0.5 mm, generally <1 mm), they also contain rare rounded intraclasts and composite coated grains up to 1 cm (0.4 in.) ( Figure 12C ). At Longchan, the Yelang Formation is 773 m (2535 ft) thick and contains 14% oolite (Figure 11) .
During the Olenekian, the Yangtze aggraded to develop a platform profile with oolite shoals at the margin and an interior low-energy lagoon with elevated salinity (Enos et al., 2006) . The Anshun Formation is interpreted to represent platform margin oolite shoals and back shoal tidal flats facing an interior subtidal lagoon represented by the Yongningzhen Formation (Enos et al., 2006) . The Anshun Formation is predominantly coarsely crystalline dolomite with relatively poor fabric preservation, although it contains ooids, sheet cracks, and tepee structures recognizable on weathered surfaces (Figure 11 ). Oolitic dolostone in the Zhenfeng area (Figure 2 ) is interpreted to represent margin shoals and is predominantly massive noncyclic oolite, with ooids typically ranging from 1 to 2 mm. Several beds contain giant ooids and composite coated grains up to 2.5 cm (1 in.) in diameter ( Figure 12D ).
The cyclic facies of the Anshun Formation is composed of numerous meter-scale cycles shallowing upward from rippled, cross-laminated, and bioturbated subtidal oolitic, peloidal, intraclastic, and skeletal grainstones-packstones to supratidal fenestral laminated dolomudstone caps. Mud cracks and tepee structures also occur in supratidal facies, indicating subaerial exposure. Ooids within the subtidal part of cycles are typically smaller than those found in margin shoals, 0.5 to 1 mm in diameter. Skeletal constituents consist of a restricted fauna dominated by gastropods and bivalves. Major flooding intervals also include open-marine constituents such as echinoderms and ammonoids. Regionally correlative dolobreccia intervals in the Anshun and Yongningzhen formations are interpreted to be solution collapse breccias that mark sequence boundaries (Enos et al., 2006) . The cyclic facies of the Anshun Formation is interpreted to represent tidal-flat deposition in relatively lowenergy environments protected by margin oolitic shoals and facing the low-energy lagoon represented by the Yongningzhen Formation (Figures 10, 11) . The Anshun Formation ranges from 280 to 712 m (918-2335 ft) thick (Guizhou Bureau of Geology and Mineral Resources, 1987) . Because of the extensive dolomitization, however, it is impossible to determine the proportion of oolite in various facies within the formation.
PETROGRAPHY
Oolites of the Nanpanjiang Basin have especially well-preserved fabrics in the interior and margin facies of the isolated platforms in Guangxi (ChongzuoPingguo, Heshan, and Debao platforms), where they are preserved as limestone in the Majiaoling and Beisi formations. Within the Great Bank of Guizhou, the microcrystalline upper part of the interior dolo-oolite and large areas of the interior and margin escaped dolomitization and have excellent fabric preservation. Within the Yangtze platform, the Yelang Formation contains oolites preserved as limestone, and although the Anshun Formation is coarsely crystalline dolostone, local areas are preserved as limestone with original fabrics.
From consideration of field and petrographic observations, the oolites of the Nanpanjiang Basin can be subdivided broadly into platform interior and margin shoal facies.
Platform-interior oolite facies are predominantly grainstone with ooids ranging from 0.1 to 1.5 mm in diameter, typically averaging about 0.5 mm ( Figure 13A ). Some interior oolite units are grainstone with distinctly bimodal grain-size distribution ( Figure 13B ). Ooids are approximately 0.5 mm in diameter; the smaller mode is composed predominantly of spherical micritic peloids and small rounded skeletal fragments about 0.2 mm in diameter ( Figure 13B ). Ooid nuclei are rarely observed in random cuts but include rounded micritic grains, rounded fragments of other ooids, and rounded skeletal fragments ( Figure 13C, D) . The coarse neomorphic spar of skeletal nuclei indicates that they are molluskan fragments. Ooid fragment nuclei were commonly well rounded before recoating by cortical laminae ( Figure 13B ).
The inner parts of cortices commonly have a radial fabric with a well-preserved fabric detail, indicating a probable original calcitic composition (cf. Sandberg, 1985; Tucker, 1985) (Figure 13D ). Outer cortices are composed of fine concentric micritic laminae, locally alternating with radial cortices ( Figure 13D , E) but more commonly alternating with layers of coarsely crystalline mosaic of calcite spar ( Figure 13F ). The detailed fabric preservation of the micritic layers and the coarse sparry replacement of other cortex layers suggest they were originally composed of calcite and aragonite, respectively. Thus, we infer that the ooids were originally bimineralic with well-preserved radial and micritic cortical laminae that were high Mg calcite, alternating with layers in the outer cortex composed of coarse spar that were originally aragonite (cf. Sandberg, 1985; Wilkinson et al., 1985; Chow and James, 1987) . Some ooids show compaction through collapsed or distorted cortices. Selective dissolution of cortical layers resulted in the brittle collapse and compaction of micritic cortical layers. Such "eggshell" compaction supports the interpretation of an original aragonite component that has been dissolved out, causing the collapse of unsupported outer cortical layers during early burial diagenesis (cf. Wilkinson and Landing, 1978; Wilkinson et al., 1983) . This phenomenon is especially common in giant ooids from margin shoal environments, as discussed in detail below.
Constituents in platform interior oolites include rare giant ooids greater than 2 mm, composite coated grains, intraclasts, and skeletal fragments ( Figure 8B ). Giant ooids are much less common than in margin facies. Composite coated grains are essentially oolite clasts in which ooids were cemented together as incipient intraclasts or grapestone aggregates and then rounded and recoated ( Figure 13F ). The largest ooids, composite coated grains, and intraclasts were likely transported from margin shoals to the platform interior during storms. Dolo-oolite in the interior of the GBG includes a supratidal microbial laminite facies that prograded over stabilized oolite shoals. The supratidal facies contains ooids and rounded oolite grainstone clasts trapped between fenestral microbial layers ( Figure 8C ). The ooids are typically dissolved, producing molds and ooids with dropped nuclei. The ooids were likely transported from adjacent shoals to the tidal flat during storms and experienced dissolution during subaerial exposure. Additional evidence for exposure includes meniscus cements. Intraclasts were cemented and rounded before transport to the tidal flat and contain exquisitely preserved cortical fabrics, including the radial, micritic, and coarse spar layers previously discussed ( Figure 13F ). Diagenesis includes a fringe of early marine isopachous bladed cement (columnar spar) probably originally precipitated as a high Mg calcite, followed by dissolution of ooid cortical layers and the collapse of ooids, precipitation of equant spar-filling intergranular space and molds, and finally dolomitization. Coarse dolomite replacement (rhombs up to 1 mm) completely obliterated fabrics in many cases or preserved ooids as faint ghost fabrics. Notably, dolomitization produced significant intercrystalline porosity, which was charged with hydrocarbons, leaving bitumen stains in many platform interior samples.
For the most part, margin oolites are similar to those just described for platform interiors, except for evidence of higher energy conditions, such as cross-bedding, and coarser grain size with abundant oversized ooids greater than 2 mm in diameter. Giant individual (noncomposite) ooids, commonly about 2.5 to 5 mm in diameter, but locally reaching 1 cm (0.4 in.) in diameter and composite coated grains typically about 3 cm (1.2 in.) in diameter (Figures 9, 14) were found in grainstones from bank-margin facies on the northern margin of the CPP, the southern and northern margins of the GBG, and the margin of the Yangtze platform (Figure 2) . Thus, these coarser grained oolites are widespread in platform-margin facies. The nuclei of these giant ooids are dominantly rounded fragments derived from preexisting ooids ( Figures 13F,  14C ), although rounded micrite nuclei (peloids) are also common. In some cases, elongate spalled cortical fragments comprise the nucleus. Intraclasts may also have cortical coatings and show evidence of repeated episodes of abrasion and cortical recoating, which smooths out shape irregularities and leads to extremely well-rounded grains ( Figure 14C, D) .
Like the platform interior oolites, cortical fabrics of margin oolites contain micritic layers with fine fabric preservation alternating with coarse sparry cortical layers that are either sparry fill of layers that were dissolved or are a coarse neomorphic replacement spar that does not preserve original textures (Figures 14C, D; 15A) . Locally, the outer cortical layers also contain brickwork fabrics indicative of original aragonite mineralogy ( Figure 15B ). The cortical fabrics suggest that original mineralogy was bimineralic with the radial and micritic layers originally composed of high Mg calcite, whereas the dissolved or neomorphosed coarse sparry layers were originally aragonite. Although we have not done geochemical analysis to verify the original mineralogy (elevated Mg or Sr levels indicative of a high Mg calcite or aragonite, respectively), numerous studies have reported bimineralic ooids with fabrics identical with those described herein, and those studies have revealed geochemistry consistent with our mineralogic interpretation (Wilkinson et al., 1983; Tucker, 1984; Chow and James, 1987; Major et al., 1988; Chatalov, 2005) . Notably, in each of the aforementioned studies, the radial cortical fabrics, interpreted to have been high Mg calcite, are concentrated in the inner part of the ooids and concentric or sparry layers interpreted to have been aragonite occur in outer cortices. In many cases, the outer micritic cortical layers are collapsed by brittle compaction as aragonitic cortical layers were dissolved during early burial diagenesis ( Figure 15C-E) . Brittle collapse and spalling of cortical laminae in these ooids clearly occurred during early burial (not during deposition, as a few authors have suggested, e.g., Carozzi, 1961; Sarkar, 1983) because adjacent grains have been compressed into the ooid at the point of collapse ( Figure 15E ). Furthermore, isopachous bladed cement crusts on ooids, likely precipitated by marine phreatic fluids during early burial, also experienced brittle deformation during ooid collapse ( Figure 15D, E) , demonstrating postdepositional distortion. Such brittle eggshell collapse features, formed where cortical layers were selectively dissolved, have been widely interpreted to represent original aragonite composition (Wilkinson and Landing, 1978; Wilkinson et al., 1983; Chow and James, 1987; Zempolich et al., 1988; Chatalov, 2005) .
The large grain size, rounded fragments of shattered ooids, large rounded intraclasts, and evidence of multiple surfaces of abrasion and recoating of ooids indicate a high-energy current agitation in margin oolite shoals. Possibly, the ooids grew up to the maximum size for grain growth by accretion under the prevailing energy regime and began to suffer abrasion (cf. Heller et al., 1980; Swett and Knoll, 1989; Sumner and Grotzinger, 1993) . The greater abundance of giant ooids in bank-margin environments indicates a high wave and tidal current energy on margin shoals.
DISCUSSION
Lower Triassic strata contain numerous unusual facies and diagenetic features that have been attributed to low-biodiversity and anomalous environmental conditions in the aftermath of the endPermian mass extinction (Sano and Nakashima, 1997; Kershaw et al., 1999; Lehrmann, 1999; Twitchett, 1999; Woods et al., 1999; Lehrmann et al., 2001 Lehrmann et al., , 2003 Pruss and Bottjer, 2004; Pruss et al., 2005; Payne et al., 2006a Payne et al., , 2007 Wang et al., 2005) . The end-Permian mass extinction resulted in a reduction in marine biodiversity back to Cambrian levels with the loss of 79% of marine animal genera (Payne and Clapham, 2012) . Anomalous facies attributes include widespread open-marine microbialites reported globally from the paleotropics (cf. Payne et al., 2007) , low levels of bioturbation and flaser-bedded intertidal ribbon rocks (Twitchett, 1999; Lehrmann et al., 2001) , and sea-floor cement fans (Woods et al., 1999) . Oolites have been reported from Lower Triassic carbonate ramp complexes in numerous localities (Baud et al., 2005; Chatalov, 2005; Aljinovic et al., 2006; Farabegoli et al., 2007; Haas et al., 2007) . Groves and Calner (2004) suggested that oolites deposited in the immediate aftermath of the end-Permian extinction on carbonate platforms in Turkey represented "disaster oolites" or a default mode of sedimentation in the absence of skeletal biota following the endPermian mass extinction. This study reveals that (1) oolites are extremely widespread among Lower Triassic carbonate platforms in the Nanpanjiang Basin as margin shoals and amalgamated prograding interior shoal complexes; (2) ooids of the Early Triassic were bimineralic, composed of aragonite and high Mg calcite; and (3) giant or oversized ooids more than 2 mm were prevalent in margin shoal complexes.
Oversized or giant ooids more than 2 mm have been reported primarily from Precambrian strata (Belt Group, Montana, Tucker, 1984; Biri Formation, Norway, Tucker, 1985; Eleonore Bay Group, Greenland, and Akademikerbreen Group, Spitsbergen, Swett and Knoll, 1989; Beck Springs Dolomite, California, Zempolich et al., 1988; Ghaap Group, South Africa, Wright and Altermann, 2000; and Deoban Limestone, India, Srivastava, 2006) . The few reports of oversized ooids of Phanerozoic age include the Cambrian (Port au Port Group, Newfoundland, Chow and James, 1987) , the Lower Triassic (Great Bank of Guizhou, south China, Payne et al., 2006b; Li et al., in press; Untere Buntsandstein Group, Germany, Weidlich, 2007) , and the Jurassic (Tithonian of Croatia, Husinec and Read, 2006) . The oversized ooids from the Jurassic are interpreted to have formed in quiet hypersaline waters during transgression and flooding of a carbonate platform (Husinec and Read, 2006) .
Numerical modeling shows that several factors can increase ooid size, including a low supply of nuclei, a high accretion rate, or high current velocities (Sumner and Grotzinger, 1993) . Some authors have concluded that oversized ooids prevailed during the Precambrian because a high calcium carbonate saturation in seawater forced abiotic and microbial precipitates as the primary carbonate precipitation sink in the absence of calcifying skeletal organisms (cf. Swett and Knoll, 1989; Sumner and Grotzinger, 1993) . Sumner and Grotzinger (1993) inferred that a high seawater saturation, high accretion rates, and a low nucleus supply alone could not explain the occurrence of giant ooids (>1 cm) in the Neoproterozoic strata because such conditions should have existed throughout the Precambrian, whereas Archean and Mesoproterozoic ooids, while oversized, are generally smaller (<5 mm) than the Neoproterozoic ones. They concluded that a predominance of ramp-style architectures and high-energy conditions helped account for the extreme size of the Neoproterozoic ooids (Sumner and Grotzinger, 1993) .
Lower Triassic oolites of the Nanpanjiang Basin suggest a similar set of controls. The prevalence of giant ooids and large composite coated grains in bank-margin shoal settings and shattered ooids and abrasion with recoating fabrics in larger grains supports high current velocities as a requisite condition for the generation of these giant ooids. However, although many other high-energy oolitic ramp systems existed during the Phanerozoic, giant ooids are rare. During the Early Triassic, like the Precambrian, high-energy conditions coupled with a high seawater calcium carbonate concentration in a period of reduced skeletal carbonate precipitation likely explain the widespread occurrence of giant ooids.
This scenario, however, does not explain the widespread presence of giant ooids in the Neoproterozoic and the Lower Triassic, in contrast to smaller sizes typical of the Archean and Mesoproterozoic (<5 mm), which have a similar absence of skeletal sinks for calcium carbonate. We hypothesize that the explanation lies in the influence of ocean redox chemistry on the spatial distribution of calcium carbonate saturation state. Higgins et al. (2009) showed that the gradient in calcium carbonate saturation from surface to deep water would be greatly reduced in anoxic oceans because of the contrasting effects of aerobic versus anaerobic respiration pathways on seawater alkalinity. Anoxic oceans and the resulting dominance of anaerobic respiration lead to CaCO 3 saturation in shallow water that is reduced in comparison with an oxic ocean and deep-water saturation that is elevated in comparison with an oxic ocean because the many pathways for anaerobic respiration (e.g., sulfate reduction, iron reduction) produce alkalinity, unlike aerobic respiration.
Although ocean anoxia was prevalent during the Neoproterozoic and Early Triassic, atmospheric oxygen levels were undoubtedly higher than those that characterized the Archean through Mesoproterozoic, and consequently, rates of aerobic respiration were likely higher as well. Consequently, we hypothesize that although ocean anoxia was widespread, the Early Triassic (and Neoproterozoic) CaCO 3 saturation gradient with depth remained much steeper than that typical of the Mesoproterozoic and earlier times. A low skeletal carbonate production and a high carbonate substantial saturation state in shallow water combined to favor the rapid growth of very large ooids. In short, the Early Triassic loss of skeletal carbonate production was likely more important than the reduced CaCO 3 saturation gradient caused by ocean anoxia. This scenario can also explain why evidence for in-situ abiotic precipitation of calcium carbonate in outer shelf to deep-basinal environments, while present (Woods et al., 1999) , is relatively sparse in the Lower Triassic, instead of a pervasive feature in the Lower Triassic basin margins. Lower Triassic slope and basin margin facies in the Nanpanjiang Basin are dominated by sediment redeposited from shallow-water environments (e.g., Lehrmann et al., 1998; Enos et al., 2006) instead of by sea-floor crystal fans or micritic crusts.
Fluctuations in seawater chemistry from aragonite seas (Neoproterozoic-Middle Cambrian, Middle Mississipian to Early Jurassic, and Paleogene to Holocene) to calcite seas (Middle CambrianMiddle Missisippian; Late Jurassic-Paleogene) reflected in the secular variation in mineralogy of marine cement and ooids have been variously interpreted to result from fluctuations in pCO 2 , Ca/ Mg ratio, or SO 2 À 4 dissolved in seawater (Sandberg, 1983; Wilkinson et al., 1985; Wilkinson and Given, 1986; Hardie, 1996; Bots et al., 2011) . Aragonitesea systems contain both aragonite and high-Mg calcite ooids and cements, including bimineralic ooids, whereas systems with calcite seas contain exclusively calcitic ooids and cements (Wilkinson et al., 1985; Hardie, 1996) . The occurrence of bimineralic ooids (reflecting aragonite seas) in the Early Triassic argues against pCO 2 as a major factor driving the long-term secular switching between aragonite and calcite seas. The Early Triassic was a time of extreme global warming at the beginning of the Mesozoic greenhouse episode and probably had extremely high CO 2 levels associated with Siberian traps volcanism and/or methane release associated with the end-Permian mass extinction (cf. Read, 1998; Retallack 1999; Krull et al., 2004; Payne et al., 2007 ; among many others). If pCO 2 were the primary driver switching aragonite seas to calcite, then the switch to the Mesozoic calcite sea should have occurred by the Early Triassic instead of being delayed until the Late Jurassic. Furthermore, Luo et al. (2010) argued for extremely low SO 2 À 4 concentrations during the Early Triassic, which should have encouraged calcite sea conditions (Bots et al., 2011) . A gradual increase in Ca/Mg concentration associated with a change in hydrothermal alteration at sea-floor spreading centers is therefore left as the most likely mechanism for the switch from aragonite sea to the calcite sea in the Late Jurassic.
IMPLICATIONS FOR HYDROCARBON EXPLORATION AND DEVELOPMENT
Dolomitized oolites in the platform interior facies of the GBG and the CPP of the Nanpanjiang Basin contain bitumen stains in intercrystalline porosity, indicating that hydrocarbons once migrated into these platforms. Significant hydrocarbon reservoirs occur in oolite-bearing Lower Triassic carbonate platform strata in the Feixianguan Formation of the Sichuan Basin and in the Khuff and Kangan formations of the Middle East. Observations reported herein of the architecture, size distribution, mineralogy, and diagenesis of Nanpanjiang Basin oolites have important implications for hydrocarbon exploration and development in Sichuan and the Middle East.
The closest analog is the Feixianguan Formation of the Sichuan Basin, which occurs within the South China block to the northwest of the Nanpanjiang Basin (Enos, 1995) . Oolites of the Feixianguan Formation have been reported as a primary reservoir facies in the Sichuan Basin. Similar to the outcrops described from the Nanpanjiang Basin, the Feixianguan oolites have been interpreted as representing platform or ramp margin shoals that extend into platform interiors, thinning away from the margin (Ma et al., 2006 (Ma et al., , 2007 Peng et al., 2010) . Although we have not found reference to giant ooids in the Sichuan Basin, petrographic fabrics such as dissolved and collapsed ooids, brittle eggshell compaction of micritic cortices, and alternating cortical laminae of well-preserved micrite and coarse neomorphic spar (figured in Ma et al., 2006; Tan et al., 2011) are identical with those described herein for the Nanpanjiang Basin. Oolite reservoirs in the Sichuan Basin are mostly dolomitized, with much of the reservoir potential from secondary moldic, intercrystalline, vuggy, and fracture porosity, although significant interparticle porosity is also important (Ma et al., 2006; Pan et al., 2010; Peng et al., 2010; Tan et al., 2011) .
Reservoirs in the Khuff and Kangan formations also contain oolites described as shoal facies and transgressive to highstand facies stacked in depositional cycles developed across a vast homoclinal ramp (Alsharhan, 2006; Insalaco et al., 2006; Esrafili-Dizaji and Rahimpour-Bonab, 2009; Peyravi and Kamali, 2010) . The basal Triassic immediately above the Permian-Triassic boundary contains a coarse-grained pebbly grainstone to packstone containing ooids, composite coated grains, oncoids, and rounded intraclasts (Insalaco et al., 2006; Ehrenberg et al., 2008) . This coarse-grained facies contains giant ooids similar to those described from the Nanpanjiang Basin. Overlying cycles contain reservoirs with oolite dolostones. Porosity is predominantly secondary, moldic, and intercrystalline (Holail et al., 2006; Ehrenberg et al., 2007) . In their comparison between reservoir facies of the Triassic Khuff and Jurassic Arab formations, Ehrenberg et al. (2007) suggested that the Triassic Khuff ooids most likely had an original aragonite composition leading to porosity inversion, whereas the Arab ooids had an original calcitic mineralogy resulting in lesser diagenetic alteration and greater preservation of interparticle porosity. Further investigation is needed to evaluate whether the ooids of the Khuff were originally bimineralic and how this would impact reservoir quality.
There have not been reports of isopachous marine cements from the Feixianguan or Khuff formations that are comparable to those observed in the platform margin oolites of the Nanpanjiang Basin. If similar cements are found in the Feixianguan or Khuff formations, they should be expected to have a significant effect on reservoir partitioning.
CONCLUSIONS
1. Oolites are widespread in the Lower Triassic isolated carbonate platforms of the Nanpanjiang Basin and in the attached Yangtze platform that borders the basin. The oolites formed high-energy shoal complexes at ramp and platform margins and form sheetlike deposits in several large-scale shallowing-upward depositional sequences that correlate across platform interiors. Amalgamated oolite grainstone beds in platform interiors reach 50 m (164 ft) in thickness. The areal distribution of oolites in isolated platforms may exceed 10,000 km 2 (3844 mi 2 ) and is probably even greater in the Yangtze platform. 2. Oolite grainstone units thicken and become coarser grained toward bank margins, indicating the development of high-energy shoals at the margin. Margin shoals contain oversized (giant) ooids commonly 5 to 7 mm in diameter but occasionally reaching up to 1 cm (0.4 in.) in diameter and composite coated grains up to 15 cm (6 in.) across. Fragmented ooids and repeated abrasion and recoating of larger coated grains demonstrate high-energy conditions in platform-margin shoals. Energy levels may have reached the upper limit of ooid size where accretion gives way to abrasion. Interior oolites are also grainstones but with finer grain size, typically about 0.7 mm. Rare giant ooids and large composite coated grains in interior sections were probably transported to the interior during storms. 3. Similar to Precambrian systems, a scenario of high calcium carbonate saturation and highenergy conditions may explain the prevalence of giant ooids in margin shoal environments in the Lower Triassic platforms. A high calcium carbonate saturation in seawater would be expected because of reduced skeletal precipitation in the aftermath of the end-Permian mass extinction. The preferential development of giant ooids and fragmented and abraded ooids also suggests that high-energy conditions were important factors in the genesis of large ooids. The presence of similarly giant ooids on carbonate platforms of Neoproterozoic age but their absence on older Precambrian platforms may result from the increased gradient in calcium carbonate saturation state with depth because of the increased importance of aerobic respiration in the oceans as atmospheric pO 2 increased. Despite the widespread evidence for the Early Triassic ocean anoxia, such conditions did not represent a full return to Archean or Paleoproterozoic conditions caused by the persistence of high levels of oxygen in the atmosphere. 4. Petrographic observations indicate that the ooids typically have nuclei composed of rounded micrite or rounded fragments of broken ooids. Inner cortical laminae and some outer cortical laminae contain well-preserved radial fabrics. Outer cortical laminae consist of well-preserved micritic layers alternating with layers of coarse neomorphic spar or coarse void-filling spar. Comparison with other ooids described in the literature indicates that these were bimineralic ooids in which the radial and micritic layers were originally composed of high Mg calcite and the coarse neomorphic and void fill layers were originally aragonite. Ooids with cortical layers that experienced dissolution are commonly compacted with brittle eggshell collapse of micritic cortical layers. 5. The occurrence of bimineralic aragonite and high Mg calcite ooids in the Lower Triassic is compatible with the pattern of secular variation in seawater chemistry (aragonite-calcite seas) that has been recognized in numerous studies. 
